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(57) Abstract > 

A method for characterizing samples having units, by 
monitoring fluctuating intensities of radiation emitted, scattered 
and/or reflected by said units in at least one measurement volume,, 
the monitoring being performed by at least one detection means, 
said method comprising the steps of: a) measuring in a repetitive 
mode a number of photon counts per time interval of denned length, 
b) determining a function of the number of photon counts per said 
time interval, c) determining a function of specific brightness of 
said units on basis of said function of the number of photon counts. 
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Method of anaTy fi j q of r amples by d etermine 
of a function of f jc bri^hn^ 



The present invention relates to. a- method for characterizing 
samples. having units which emit, scatter and/or reflect radia- 
txon by measuring in; a repetitive mode a number of photon counts 
per time interval. of defined length and determining a function 
of the number of photon counts. 

The first successful studies on fluorescence intensity fluctua- 
tions were performed by Magde, Elson and Webb (Biopolymers , Vol. 
13, 29-61, 1974) who demonstrated the possibility to detect 
number fluctuations' of- fluorescent molecules and established 
a research field called fluorescence correlation spectroscopy 
(PCS) . PCS was primarily developed as a method for determining 
chemical kinetic' constants and diffusion coefficients The 
experiment consists essentially in measuring the variation with 
time of the number of molecules of specific reactants in a 
def ined open volume of solution. The. concentration of a reactant • 
as measured by its fluorescence from a small measurement volume 
The measurement volume is defined by a focussed laser beam 
which excites the fluorescence, and a pinhole in the image plane 
of the microscope collecting fluorescence.' Intensity of fluores- 
cence emission fluctuates in proportion with the changes in the 
number of fluorescent molecules as they diffuse into and out 
of the measurement volume and as they are created or eliminated 
by the chemical reactions. Technically, .. the direct outcome of 
an PCS experiment is the calculated ■ autocorrelation function 
of the measured fluorescence intensity/ ' , ■ 
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An important application of PCS i <= ^ • ■ 
tions of fiW • determination. of concentra- 

tion of fluorescent species having diff erent dif fusion rates 

m their mixture, in order to separate the two terms' i 1 
autocorrelation function of fluorescence intensity coZl^! 
to translation diffusion, of two kinds of partiLs a^T 7 
about a two-fold difference in diffusion til' 
corresponds to an' eiaht fmn ' 10 ° tlm8 ~ 1S needed ' -hich 

. in the autocor relation, function of 

" I" SUfflCient f - d ~ 9 the corresponding oLn 
tr ions except if one knows the relative brightness of he two 
different types of -particles . ' ■ ■ ' . °. 

ss g at esrzes from a simple autocorrelation function of fl„„ 

IT7 intensity «~*»«~.* Mo Physi cT^ 

ons dOTand the abiuty tQ anaiyae ^ « 

r.n species . For that purpose., Palmer and Thompson studied' 
higher order correlation functions of fl,™ ' ""died 

fluct.an™. . , ctrons of fluorescence intensity 

fluctuations and have outlined .methods for determining th. 

cenc.o £ different fluorescent species , Bi oph y s. . ^ 

257-270, August 1987). Their- f 0 r h „; . 

useful in A \: technique may. in principle, proof 

useful in detecting and. characterizing aggregates of fibres 

ha ' data 8 ^ disad ™*age of being rather complex, L 

iah o H ?Sln9 ° f " eXPeriment lnClUdi ^ the calculation 
of high-order correlation functions lasts hours. 

OX"' COmpli — d ^an calculation of high ! 

of fluoresce°t r ° n .ch^acteri^-- mixtures 

of fluorescent species of dif ferent specific "brightness is' 
ca cu ation of s hi g he, order moments of fluorescence' £££ . ' 
out of the experimentally determined distribution of the number 

mZTTtYT meth ° d ^ PreSented * - El son 

c v i 375 " 380 ' ^bruary 1990; Proc . 

Sci. USA, Vol. 87, 5473,5483, Ju ly 1990 > . In their castration 
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experiments signal acquisition times of about 7 ra 4„ , 
„e^ " 1 ci^out / minutes werp 

used for a relatively favourable experiment . 
kinrt<3 of ft experimental system of two 

- kinds of fluorescent particles .which differed bv ,n f n/ 
. their specific brightness, the mixture of ^ 30-fold -m 

Tho ■ , J ■ ' ' - xture of monomers and 3 O-mftr-Q 

The method of moments is relatival v a 4 i 

tions but it ,n ! relatlve ly sxmple and fast in calcula- 
tions, but it allows to determine only a li mit - er , 

unknown parameters characterizing ■ the sample b 
_ : _on_ly. about three or four first mome^t^f fluo " 

can be calculated from th„ . florescence intensity 

dcea rrom th e experiment with Drpri«inn • 
for further analysis. Precision sufficient 

J-ur cnaracterizmg complex samples or se i P ^; n „ , . 

is appropriate. ' wnether the given model 

One object of the invention is to obtain reliablp i f ■ 
about a u = ■ . n reJ -iaole information 

UC a sam Ple haying units emittinq scatt-^i™ = ^ / 
tino nhnt-nnc i . , ^"g, scattering and/or reflec 

ting photons, which renders possible an analysis of i-h* , 
with respect to certain ingredients or with ^ 
states of the sample. ^ t0 C -tain 

e A :^ r th 0 e b u eC f : f T PreSent inVenti ° n is t0 ^antially 
extend ^the useful information obtainable from the experimentally 

~ y of J e nu™ 

S ~f^ -od ; 

The term "unit of a sample" refers in ^ , 

the saiple „Mch .„ capable -•-«. ° f 

-fluting raaiatioi , A 6a „ ple -«« rlng and/or 

_ = 1 . ^ y flC contain a number of idpnM 

cal units or different , m-i f= , v, • u laenti- 
inf 0 • tS WhlCh Preferably can be grouped 

into species. , The term "differ-Pnf ^ • aroupea 
different • dl£f erent species" refers also to . 

of a unit T h " PartiCUlar different COnf ^tional states, ■ • 
unit such as a mo i ecule . Fluorescently labened ^ naturai; : 
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ly fluorescent molecules, "molecular nnmro 

, , molecular complexes, vesicles 

beads and other "particles in , ' cel ls, 

■of f i icicles in. water or other liquids are examnl^ 

of fluorescent units in dre .examples 

• liquid samples, while examnlP* ^ 

fluorescent units of a solid i examples of 

_ - . or a solid sample are impurity molecules 

atoms or ions or ^fv,^ j=t y '"^^^^es, 

. .. ions, or other fluorescence centers-. 

What is meant by the tprm n or ,^^ • , . •■ . ' 

sense of th. n specific brightness" of units in the, 

! PreSGnt i «» - a p«l cha^ 

expressing in what extent a unit „ f ■ ' ' iar actenstic 

■ 3 unit of given species- i s able tn 

em t-' T t6r and/ ° r refl6Ct ^-tion, preferably li ght t 
., s th o ught to character!^ .ingle units, preferably^ le 
. and therefore the value of specific brightness is not^ep^a 
on concentration of the units, neither on thp de P endln 9 
units Thno a u' neitner on the presence of other 

■unite. Thus, a change of the total count rate of n w„ • 
ted ■ srat . hfa _ 0 ,, , , ce ot Photons emit- 

cu ' scattered and/or reflects f™ m *-w • 
if onlv duo v, reri6Cted from the measurement volume, 

it only due to a change in concentration of the' total™ k 

■of units, does not influence the „ , 

• , luence Cne measured • value of „ no „;r. 

brightness and the value of the r-^ ■ * ' specific 
different ,,- 1Q ° f ™ b ^,of'units of.- 

different species determined by the present invention Specific 
brightness is usually expressed "in f-« , \. Specific 
per unit • ex P^ssed m terms of the mean count rate 

per unit which is a weighted average of the- count r.r. 
coordinates of the unit in the measurement vol^e n Z ' 

colt :raL Z r g 9 ^ 

count rate has its top values. This could e.g. be the center - 
of the focus, of an incident beam. 

The importance of . the present invention for the analysis of 
samples may be illustrated -by the * f m 1 • anaI y sisof 
examlp , . . , by the following,- non-limiting ' 

example. Assuming that a solution contains a quantity (a, of 
type of particles (A) with a respective specific bright Ls - 

r specV qUan 7 ° f an ° ther ^ e ° f ™- (B) w ' 
a respctive specific brightness ,, b ) , the overall count rate 
of photons emitted by the so ]„n nn ^ J 

la*a + ib*b Thti <5 h 1011 depends on the expression 

rate it is nV " dete ™ inati - of ' the overall count' 

Ce el y POSSlble " diSSOlVe of a and/or b. 

-rally, m fluorimetric measurements, the overall count rate 
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of at least one tvne of narh^i • 

rfpn , ' • . YP 0t P artlc les is determined in an indepen- 

dent experiment, if th<= f nt - = i v 4.naepen- 

f uciil.. u cne total number a+b of na-rHr-i^^ ^ 
change with resnect to i-m Particles does not 

izn respect to this measurement, the ratio a/b or it. 

the two measurements is „f^ M does no t change between 

ouj-ciiienus, is often wronq. For pvamnio j 

^^effects-of-pa-rt-ic-les- to-cn^- ■- ■ - -^^^^^iien- 
. particles, to surfaces may occur. Fluorimetric mea 

surements cannot verify the total number of particl^ a+ , 
ndependently. The present invention overcomes these le.trc 

tions. From one measurement, the numbers of particles a anlb 
can be determined without any prior 0 ^ ^ - 

tive specific brightnesses. ' respec- 

d^t t0 K be ." nderst °'" i th " 'he following description is inten- 
ded to be illustrative and not restrictive, Many e„ tod 11 
"HI be apparent to those of skill in the art ul 
the following description By „ay of ,J£ " T" " V "" 1 " 9 

be described primarily „ith reference d L " 
nhn .„„ . ^ ^ iei.erence to measuring numbers of 

photon counts from - light emitter? k„ fl 3 . b 01 

particles in » 1 emitted by f luorescently labelled 

particles in a sample. For pvamnio -: „ 

be desirahl. -example, m some embodiments it may 
thaf n™" * ^ «"«"* origin 

SecteTT ' V entl °" Pr ° VideS ' ™" h ° d '« dentin, the 

o Photon " ' PIeterably °" of the number 

of Photon counts corresponding to given real equipment and 

=C it io „ ,11 ° COU " tS - of given 

tLT to f , StUdyi '" 3 Sa " PUS ° £ u " k "o»» oo»posi- 

f it het .™ °'° liel °« thC Sample the clLest 

a trlT ^ ? 1CUlaC6d M * ^ter„i„ed 

the composition of the sample here is the specific brightness^ 

parame * * flU °" 8 «" ' *• *• characterized by t„o ' 

parameters, the concentration and specific brightness of the 
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"ye molecules. A mixture of two fluore • . . 

**** four parameters, the concent,,!" f " Cha "««i- 

C the two Kind of molecule 7lZ T bri3ht " 

s Peoi£ic brlghtness of ^ c Xe°L::r tration 

tration is expressed as ■ >h« ™ *' - /leniently, concen- 

■ " bea a s the mean number of unir* r-^ • - 
; volume, and specific brightness i. P measurement 

_ uni^f,^ 

From the other side, t he function e a th .^ - : 
, number of photon counts depends not ' \ dlStrlbu tion of . the 

-pi. b ut also .on- equiP :i::: :ltl ■<* ^ 

brightness function characteristic toth ^ ^ Sp>atial 

on some characteristics of the t t ^ ^ 
-te, its dead time and probability f a ^ \ ^ ^ 
interest of a high quality of anal Jif I t PUlS1 " 9 - In ' 
.achieving a .close fit between th ' ^ indic ^ *Y 

the calculated curves I determined and 

= • 18 Preferred to rhsr^^ ■ 

equipment adequately, characterize the 

Claim 1 does not cover the method descrih.rt ,, „• 

the distribution of l ia ht' <\ ■ ca ^ulated moments of 

0£ the „ u ^; 0 n ;:; ity ' but ~ w . 

-aching misses the 

y Lne P re sent invention. 

According to the invention, a new quality o' f ,„„, ' '■ ■ ' ' 
containing „ nita , pre£ p, r Tlcl es „ hl t S ^ 

and/or reflect nJLgZTZ J"* ' ~ 

a "«t step, a number of photon bac °"« P°-ible. 

—a, mattered ana/or refiLs ; t°h: u ::: t ;rtr diatio " 

13 " e " u ^ P« 'to interval of defined ^ n "tH * 5i " Pl ' ! 

»ode. A series of different time I " * 

-«e c OBplex an a lysi ™ ™: J"* -also be used for , 

* "™ *» a repetitive de r e' 1 

Photons is counted preferably ■„ " ° f detected : 

*» « a series of prefettlv " ' 

preferably consecutive time intervals, in 



a certain 
"on "Of the 
or 
cu- 
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order to obtain statists M n, 

■ " hlCh tte ™*er of photon eounts is I" * """"^ duri °9 
"Uliseconds „ other ^ ds „ 

m a second step of the method according' to ■ th : 
counts per said time interval i« „ the "Umber of photon 

>t is determined . how m MV times ^Xt^ """"^ 
number of photon counts. The district ' 
number of photon counts . ' tribUtl °" function of 

' -sointe number of ^ «*'~~W 

brightnesses of the units i„ ^ d " tr ^ution-;of . specif i 

■ units ln the sample. - ■ • - 

It: is Preferred that at least ' ' 

number. o f photon counts. Any d^S^'." 6 ^ m0nit0 - 

Nation e raitt .ed, scattered ^ ^ ^ ^ .; 

sample may be used/ said / ^fleeted by unxts of the ; 

at ' least one measurement vol u l * ™ of 

-h as an avalanche phol^ ' 

tional photo-diodes are well known l^^P 1 ^ <* -nVen- 
might also be . preferr| £ **™ t0 those <*" "ill in. the art. ' 

— ; ~r tc r consisti - ;; 

especially if one wants to measure a set of s , ' deteCt ° rS ' 
38 lt is «^he case in miniaturized hlah °* ? in i - 

" mi3ht fu -her ;b e preferred ^ t f 7^ 
array detector. ' ' two " dlmens ional multi- '' 

m the sense of the present invention 
1-inescently labelled or -labelled/ pr ^r^ 

-scent, molecules Qr naturally lumi _ . 

. ecuj.es, or dye molecules, molecu- ' ' 



c 
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lar aggregates, complexes, vesicles ce n Q ■ 

beads, or mixtures thereof. viruses, bacteria, 

The luminescence properties of the unit., k 

gating them with a specific ^ Var±ed bv con 3"- 

•> , ' specific lummophore via , 

molecules, it might be preferred tn ? different li nker 

cules consisting of a vagina V P ol ^eric linker mole- 

arying nUmber ° f «P»* or different mono- 
It may be advantageous to provide at le^r ' 

a specific site to which an afft, T * ° f the Units with 
Properties will bind 7 Stance having detectable 



In a preferred embodiment, at least on/.f 

of histidine residues to which an \^ * ^ * ta * 

a -elate complex can ^ ^ Z^Z^T "** 
plexes of nickel-m>r-ii^v>' , ■ Preterred to use com- 
cence label « sa^a, a„f, °T ^ and , l unines . 

=™=odi„ent, a ai d l; "H—'r"' In 8 fUtth « 
«--.t least one licence" 0 ""^ ctal " 1 *>™P. 

The luminescence properties of f ho • 

conjugating them ^ a flrst^cT ".7. " ^t ^ ^ 
b lnds . a luminescently labelled second molecule" aq ' ^ 
nescently labelled avidin or streptavidTn ' ^ 1Umi " 

is described in detail in exam^e 3 ' °" V1Ce ^ 



Luminescence properties of a unit can a ]«,„ k u 
transfer. Energy absorbed by a donor i^t f ^ * 
contact to a luminophore of an acceptor an Th "" Cl ° S6 

acceptor and subsequently emitted. 

In a further preferred embodiment, the units DMf , M 

des, each carry a number of binding ^ Y parti " 

Particles . Luminescent particles ca^ir a! ^ 

pttTi 1 :; ^^r* sites - ^^=2 

- the binding ^ of ^^a^^rf ^ 
to the invention is able rf* f th °" accor - 

Particles „ ith a large ° HZ"^ b «»«° 

» that even a s m all a „o TO t 0( .Z^^ZZ 'T^ 
be measured in pr e. MOB o£ an excess „ t ~^" 
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luminescent particles. This e„,bodi„ent 

of particles vhich do net carry a Z" * **" MalySis 

to a second particle „ hich " «« by binding 

important application of this method is u,"*"^" 
fluorescently labelled antibodies h *! ■ ""-rement of 

the antigen i s bindiag to at lea f " " •» tl *»- » hil * 

, : -of. ^^eL L L ZJZ?- TT tiple - bim ^ 

-e method can also be ,pp lie d"o ^ 

such as hucleic acid hybridation „ interactions 
interaction. The invention can ! ls " » r °"*»/™=leic acid 

of distribution character sues oTsa-r 11 '" «»~ 
o-lity control and process o trcLf .TT 
suspensions of particles. In ™£* 

can be analysed as well as dLL? " ° f Parti " 

of particles. attributions of surface areas 

In a preferred embodiment, one type of Dartjrl . u 
footed A, carries more than one bLina ^ / SUbSegUent1 ^ ' 
cent type of part i Mo u ' Slte " ^her, lumines- 

ype or particles, subsequently denoted r ; . • 

either directly to at -least one of the Mndina > ^ 
A, or (ii, binds to at le the bxndxng sites of particle 

which in turn binds to at least " ^ ° f * B - • 

Particle A These b J ° lea9t • one of th - binding sites . of 

= • -inese bindings .may: be mediate a Uu • u : 
occurring binding sites on the part W ^naturally 
auction of specific binding sites to the' " ^ * ^ 

C Since in both cases „or! than one f partlcl « A a and/or 
c hind to parties, e^.^ * ^ 

than free particles of type c T h . Ph ° t0 " 6 
convenient way to measure ILL TJZT** * 
Particle of type c or A, althou Le pLL " ^ ^ * '° " : 
luminescently labelled. ' Particle of type B is not 

preferably parties °" °* «* »*» ""its, . 

transported!;: 1 LtL 

_ c ot said measurement volume and/or the 
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«»P1 S is actively transported and/or optical 1 
"""a. e.g. aBriwtt ,J suff y SCam,ed ' " 

diffusion is fast ' ™«l««.tly s„all. then 

" Mb " ° £ ^^ent „ea SU re„ent v I ;; e t 1 t;°; t £ ™ ' 
"Sing time averaging is nearly identical V <"=<J"«i<:i°n 
»°«ver, „ the characteristic ti„e of dif f >V *"^' 
IV ^nger than the ti„e interval „e L s "T" * SUbS """ al " 
_ re_ S ce„c^ n te„ait y _l„h ich is ueially J^^S^ . 

t-naport ( f lo„ or scanning, can conLerahlv ' " 

acquisition. nsiaerably .save time of data . 

The measurement volumes can preferablv h 

dimensional carriers such u arranged on two- 

„ . ■ eiS ' such as membrane q n-r B * ~ ^ , 

Surtable carrier systems are e 31168 ° r she ^s having. we il s . 

(EVOTEC BioSy Steras GmbH) ' deSCrib ^ in WO 94/^313 

-arranged in a li nea way^"^ ^""o ' 

y> as e.g. ln a capillary system 



In fluorescence studies it- m u 

f or reducing the ^^7^^. * 
scattering in the solute material and „ t 9 ^ ^ 

' lector, with respect to th " 1 ^ ^ ° f ^ 
P-ticular, it is in s.e ca , 8 ? P * rticle - * 

volumes smaller than ion , -a USS mea surement 

100 ^ m - more preferahi,, v. 
Advantageously, the high sianal to k ? Y ° Ut 1 

. 3-1 optical m ea SU Urv 0 l^ 
at Xeast one microscope objective, ZZ^ ^ 
aperture a 0 . 9 , in a ^^^^^ 

."undent laser beam and collecting radT.t bussing an 

emitted, scattered and/or reflect^ 

<*es, in said samples' A confc^ Pref Parti- 

-* which cclprLes ;r SC ° Pe * 

dichroic mirror, a- pin-hole in th miCrOSCC * e objective, a 
-o P e objective, a detect on m e n Tf^ °< miCr0 ~ 
and optionally means for scanning ^^ion means, 

^sample. A suitable "^H" ^ — ing 

(EVOTEC BioSystems GmbH) . In a preferred "mbT " ^ 94/16313 
might be replaced b V an a Pr6ferred ^odrment the pin-hole 

P by an appropriate detector, as it is also 
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described in WO t<- • . 

^4/16313, it. might further be preferred r„ 
choose a working distance between the mW ' erred to 

the measures volume in suchTwa, that ^ 
tions. are minimized. Preferable Z * C ^*° Und COnt ~bu. 

be s maller than 1Q00 M ; efe ^ ; ^he wor^ng distance should 

means thafth Clte 3 PartiCle * Multi ^e Photon excitation • 
means that the sum, difference or- 

fr-o«.,««' * Ce ' or an V combination of wave 

freguences of two, three or more photons Is used for excitatxln 
of the secondary emission of the sample which can be 
luminescence or second order Raman scattering Suc^ 1 

tion scheme has an advantage in the sense Z t T 
Drolv ,u: i ,• . . ■ . e sense that the excitation 

probability 18 not linearly dependent on excitation inh 
but on the second or- h',- ^ excitation intensity, 

uiie second or higher power Thii<= .-v,-. -, • , 

■ exri^n«« • ' ■ - puwer - xnus ' the multiple photon 

excitation is mostly limited tr, t-v,^ . ■> 

, ■ I iimi teci to the volume of the laser focus 

whereas outside the l at! pr rocua, 
qenerated a no spurious excitation is 

C M -urces of picosecond or subpicose- 

cond pulses are well known to those of . skill in the art The 

present invention nmfii-. r ' XL v ine 

sense that 1 „ J " " SXcitation -heme in the 
sense that less background is generated compared to single 
Photon excitation, and that there is no D <nh„l 
restrict- Vh„ m pinhole necessary to " 

restrict the measurement volume Thus m„ „ ■ u , ,'. ■ ■ 
•,. • . "xuine. inus, the pinhole diameter and 

s rmagxng on the detector do not enter as modelling paralt rs ' 
in the spatial brightness function any more . ' . 

restrW h "**"""*• ™- volume is ' 

"I" a„l r SS1 " 9 eXCltat " n ^i«i-n of the ' 

« « r r ^i»ion emitted, scattered and/or 

e ilt ^ fiel<J ° PtiCal " — W «» here 

that the Ught passes through an aperture with at least one of 

ltS ; 7 1MS bei " S e " a11 " wavelength of the ligh ' 

used and which is in direct contact to the 

The a~rf„„ „ . c °"«ct to the measurement volume, 

h! e of sai?; COnS1S,; " M lay " " Last one 

an or a a TT" " W " ° £ width 

and/or , tapered glass fiber or wave guide with „• tip diameter ■ ' 
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r s ;ui:eT ,option ; liy coated - ith - 

patent 44 38 391 (EVOTEC Biosys.tema GmbH). / 

' ^^"-;«*^«« n- r field optical „ icroa .- 

copy 'tor the excitation liahi- n^t, ^ 

. - ■ • ' llgnt P ath < and conventional optical 

microscopy for the emission light nat-h ' ■ P 
^ . . , ■ 1 X1 9 nz path, or vice versa Thp 

- -Present invention - pro! is fFom such" a*" realization "in 7„ '■ ' 

«• ■ i - - »« vox- ,^:cr: 
:r:: t : on ; l ; on£ocai micr ° s ° w: — 

ouner optical schemes. • 

A sample is usually characterized by valuer of 
and W Prif^ u • v, values, of concentration 

and specific brightness of one or more species of units e q 
types of fluorescent oart- ir-loo r ' e g " 

these vain. • . partlcles - ^ cases, when one or more of--' 

Sne bSf0rehand < the ^ of analysis is to 

' sp i^ b ;° Wn ValU6S ' either th ° Se ° f concentration, or 

specific brightness; . or both. . 

TWO a lt ative mefchodfe ^ 8 ^ ting the ^ yieM . ng a u ; 

between^ experimentally determined and calculated functions 
preferably distributions- of the number of n w : U ° nS ' 
used Tr, u number of photon counts can be 

'ItL ^ emb ; dl "' Mt ' " eU - kn °"" =auare S - fitting 

sllt'nu 7 SSmPle 1S d «=« ited = ^ite (usually . 

t= find values of the parsers' yielding the closest fit ■ 

t r «*— *~ — . A ccordi 

to the invention, values of Concentrations and/or specific 
brightnesses of a number of species of units, e.g. types of 
uorescent parties, can he estimated, In . furtL em Id ! 
-en another general method called inverse transformation „ith 

m l : e9Ul " laatlOT «™> * employed. ITR describes the 
sample using a semi-continuous distribution function of units ' 

i f p T cl r ■ versus their w-.,.^ ■ 

smooth fu f C S6St dMandin9 th " th « 

smooth function (For the method of ITR, see.e.g., „. H . press / 
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S. A. Teukolsky, w. T. Vetterlina R p pi 

recipes in r Vk „ e rimg, B . P. Flannery, Numerical 

J - ct - i P es m C: the art of em' nnf ■; • 

preferred ^ n „„ • ' K Jt might further be 

(IT or an inv " "TT ^^ion with, constraints 
UTC) or an inverse transformation with reaul a ri* a n 
constraints (ITRC) . Because of statist! * rS9Ulari2atlon and 

statistical errors and limited 
sizes of measured data, inverse i-r™«f« " na limited 

. inverse transtorraation.is often an in 
posed mathematical problem ch^oto • , u 

In ~ its outcome.""^ IT ^ n ^ ".^ -^-ions" 

Problem b y loo.ing f r a ( ^ ^ 

g (e *9- a smooth) or constrai- 

ned solution, for examnlo k„ • ■ ■ • scrai 
ri « ■ - • ' eXam P le b y minimizing the. sum of squared 

deviations of statistic! j . 4 rea 

itself „„„„■ lSt " al dat * aM a £ ™«io„ of the solution 

Le s ^ the „ t " 9 " lar • " SUally «™e- 

example for constrain^ is diMlloui • ^ 

concentration. . es ror 



In the following, the invention is further illustrated in a non- 
limitmg manner. Particularly, it is descriW v, ' 
di«,rriw< ■ * ^ < described how the exoected 

distribution of the number of photon counts is determined. ; 

A preferably many times repeated step in the calculation of the 
probability distribution of the number n- „ h , 6 
calculafi™ «= -v. ' ' number o. photon counts is 

Photon , Polity ai.tritatic* of . the number of 

Photon counts enutted, scattered and/or reflected by sin.le 

:::i:,n i s T ai ™— — «l. : 

he o ob b'l "7 SPatial brl5ht ""- « i- »ell t „o„ that 

open , " dlStribU "°" ° f «•» '<* p„ticles in a „ 

open volume is Poissonian. Also if ,i. . k 

insirf» , k . .. , ' £ the nl "°er o£ particles 

inside the spatial section is a-iv^n' 

photo nB „. , • ' ' he Imi " ber o£ detected 

Con elentT f 7 ' """"^ ^ributed. 

cols ™ t' d ' diStritaCi ™ ° £ «. "umber of nhoton 

1 It , SCaC " Ied refle " ed by ^ 

TlZ TT " M " 3ti>nt brlSht ""= •** by 

an ideal detector is compound Ppissonian. 
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As the next step, one may study the case in which the measure- 
ment volume is divided into a number of spatial- sections of 
constant brightness. If the values of volumes and spatial 
brightnesses in each of the sections are known, the distribution 
of the number of photon counts corresponding to each section 
can be determined separately. All these distributions are 
compound Poissonian. Furthermore, if distributions of the number 
-of photon counts for all sections were known, the overall 
distribution can be determined through convolutions, using the 
fact that the total number of counts is- the sum of the number 

Of counts originating from different sections of the measurement 

volume. • 

As the following step, one may study a mixture of species, e g " 
mixtures of fluorescent particles ■ having different values of 
specific brightness. Each spatial section' of the measurement' 
volume can be divided into a number of abstract subsections each 
containing only particles of a single species. A similar proce- 
dure can be applied now as described above for spatial sections 

of the measurement volume in nrHor t-.-, ^ • 

in orcler to determine the overall 

distribution of the number of photon counts. . 

An experimentally determined distribution of ' the number of 
Photon counts is ruled not only by properties of the light beam' 
but is influenced also by nonideal properties of the photon 
detector. Stochastically, the dark counts of the detector behave 
m the same manner as photon counts from background light of 
constant . intensity. Their contribution are photon counts of 
Poisson distribution. Also, the way how the dead time' of the 
detector and its afterpulsing distort the distribution. of photon 
counts are known from literature on photon statistics (see e g 
B.. Saleh, Photoelectron Statistics,. Springer, Berlin, i 9 78) . 

In summary, the expected distribution of the number of photon 
counts is determined, from one side, by characteristics of the 
sample (concentrations and specific brightnesses of fluorescent 
particles ;of different kind), and, from the other side by 
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characteristics of the equipment (the sampling time' interval 
the spatial brightness function, the background count rate the 
dead tame and the af terpulsing. probability of the detector) . 

intone embodiment , both the dead ti„,e and the af terpulsing 
probab, lt y of the detector are determined from experiments in 
whxch the distribution .of the number of photon counts corre-' 
—spondx-ng- to -light 'of ^^^tTiit^^i^tT^^r^^' 
tion for the dead time of the detector may be performed on the 
basis of a formula derived by Cantor and Teich (J. Opt Soc 

M ' I 5 ' 766 ' 1975 ! ^ B. Saleh, p.: 272-277, . Mathematics 

of af terpulsing is simple: each photon ^ ^ ^ 

by another (artificial) pulse; this happens usually with a 
, constant probability. 

According to the invention/it is preferred that the spatial 
brightness function is characterized using experiments on a 
single species of particles. For example, if the laser wave- 
length 514.5 nm. is used, then a solution of Rhodamine 6G is a 
convenient sample which can be used for characterizing the- 
spatial brightness function. 

What characteristics of the spatial brightness function can be" 
employed when determining the expected distribution of the 
number of counts are. values of volumes of the sections of the 
measurement volume corresponding to a selected set of values 
of the spatial brightness. Typically, a set of twenty or thirty 
values of the spatial brightness positioned at a constant 
distance ■ from each other in the logarithmic scale have been 
selected, covering two or three orders of magnitude. Contribu- 

tion from the lower briqhtness ar M e « M u 

nyuLiiess areas can be accounted for by 

a single parameter, their relative contribution to fluorescence 
intensity, intensity fluctuations of this light can be neglect- 
ed. Because of the large number of the sections of the measure- 
ment volume, it would be less preferred to consider volumes 
corresponding to each of the sections as independent variables. 
It- is convenient to consider them as variables depending on a ' 
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fewother parameters, and determine ^ ^ ^ ^ . 
ters which, yield the closest fit between the Experimentally 
deterouned and the, calculated distribution of the number of 
Photon counts. Conveniently, a relatively simple model of / the 
optical set-up is applied, which is not accounting for aberra- 
tions of the optics used, and which determines volumes of the 
sections of the measurement volume.' For instance, the volumes 

- - of -the- section, depe^ 

the laser beam and the diameter of the pinhole. It might there- 
fore-be preferred to use the pinhole dimensions and the conver- 

- gence angle of fche incident las£r ^ ^ ^ 

of the spatial brightness.- function. . ' ' 

Alternatively, simple mathematical expressions with formal ' 
parameters can be used instead of .physical models for determin- 
. Wig the volumes of spatial' sections.. The values of the formal 
parameters should preferably be selected in such a way that the 
closest fit between experimental and calculated distributions 
of the number of photon counts is achieved. Formal ' flexible 
expressions, are advantageous because they yield a good fit 
between experimental. ,nd theoretical distributions of the number 
of photon counts. Secondly, calculations based on simple mathe- 
matical expressions are very fast compared to those based on 
physical models. . 

According to the invention, it may in some cases be preferred 
to select the length of the sampling time interval in such a ' 
way that in average more than one, preferably one to ten, counts 
per unit are yielded. 

It may further be preferred that the length of the time interval 
is m average smaller than the characteristic correlation time 
of radiation intensity fluctuations. 

If more .than two unknown parameters of the sample have to be 
estimated, it is preferred to. have no more than a few, prefera- 
bly about one unit, preferably particle, per measurement vol 



ume . 
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It is preferred to have less t-han'-in ■ 

volumes to oh,-,' , units" per measurement 

volumes to obtain good signal-to-noise ratios. 

In one embodiment, at least- nno -j ' ■, 

= 1 ^. ' dC one individual unit is statisticallv 

analyzed m terms of its SDecif-ir- ^ «iscaca±ly 
^ , specific brightness which may fluctuate 

or change non-stochastically. J-J-uccuate 

• ' The method of the nrPcnnF ;~ -■ — L — ■ ' — 

. tfte present invention is particularly advantageous 

thed f <, ° allt! '- at " i - ble Present invention 

.,e „ r t e a r; u :r red r °* — 

ciru. -inis means that the mpt-h^ -; ~ ■ . . 

. ■ - Ulti mecnoa is more reli- 

i ' r 0£ l0 ° 9 " M S " bility ° £ «" ntai „ali - 

e.g. turbid samples or particles inside the laser beam does not 
sicrnrrrcantly in£luence experimental results . ' ' 

A further new quality attainable by the Drespnr • ! ?• ' . 
t-hah m« • present invention is. 

that the signal -to-noise ratio is much h*n- ' 
^ Q ^u • h bet ter compared to the 

Ltr :. the Pri0r 3rt - ^ experiments ea 

sLter th S19nifiCant ^ Sh ^r time (up to loo fold 

rxrrr 1 " showin9 the same ^--o^. ra tio , 

« previous long term experiments, since photo^bleaching of 
luore.scent molecules or f luorescently labelled molecu e is 
an unsolved problem so far with anv i„; liB( , ^cuies is 

nique in t-h-i. f ^ Y applled ^surernent tech- 

mque in this field, especially when applied to cells one is 

restricted to short measurement times' Thus ™ 

n rior arf ... ■ times. Thus; compared to the 

Ints „ 'd r""' inVenti °" U ' •*—»"!- for measure- 
ments inside cellular systems. 

L n f^r bodiment ' ~ ie ^ 

optical e |1U ° re8CertCe int - si ty fluctuation studies. The 

optical equipment is a conventional' confocal PCS microscope 
equipped with a cw laser of visible light . The excitationT : 
beam is focussed int-o = n , excitation laser 

solution of f P WhiCh i& 9 homo ^eo U s water' 

solution of a low concentration, typically in the nanomolar " 
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range, of fluorescent mat^-H^i m 

material. Fluorescence emission from - 
microscopic confocal volume of about x W is collected^ 
Photon detector. The measurement time „hich is typically " to 

* r conds is **** «- «-*-. of t " t L!a 

of typrcal „idth of 10 to so The Mgheet number o£ phot n 
oun s typrcally obtained in this experimental r . ali2 atL o 

the invention herein described i* 

uebcricea is between 10 and 100. 

, „ . _ . . ... _. _^ j „..._, .. „ . . _ ^ . . * . _ T 

The method according to the present invention is particularly 
«11 sorted for use in high throughput screening, diagnostic 
storing „f p olymeri 2 , t io„. aggregation' a „d degrada „ 
processes, or analytics of , nucleic acids . 

TSZT^r 0 ^™' 8UbS "°« s « possibly pha rmaco- 
og caliy actrve can be analyzed through their interaction „ith 
specie receptors by canning said interaction with binding 
of a lum^escently labelled ligand to receptors herein nature! 
receptors on their carrier cells as well as receptors on recap-' 
tor-overexpressing carrier cells or receptors on vesicles or 
-receptors in the for™ „£ expressed molecules or „olec„l,r 
complexes may be used. Moreover, the interaction of substances 
» a th enzy.es in solution or in their genuine cellular environ- 
«en can be detected by monitoring a change of the substrate 
of the enzyme, e.g. a change in brightness. Further applica- 
tions, especially concerning the performance of assays, are 

disclosed in WO 94/16313 (vvnTcr. DJ „ 

/ - LWiJ (t-VOTEC BioSystems GmbH). 

For the detection of specific rennrm-ih-i^ \- 

arHvs i P cognition reactions, potential 

active substances can be present in complex natural, synthetic 

ZiT:7TT Q ^ « ^ected to separation 

prior to analysis. These mixtures can be separated first e.g. 

by chromatography, to' test the individual fractions for tl 

presence of functional compounds preferably -on-line- in a 

capillary at the end of a separation matrix. The coupling of 

fractionating methods with PCS detection is described in detail 

in WO 94/16313 (EVOTEC BioSystems GmbH) A • 

„ M ,q systems GmbH) . A similar set-up can 

be used with respect' to the present invention. 
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Often, aggregation and degradation are phenomena to be moni- 
tored. Aggregates display brightnesses different from the 
monomers and can be monitored according to the present inven- 
tion. 

In sequencing according to the method of Sanger, oligomers of 
different length, of which the terminating nucleic acid is 
labelled with a dye, "are identified. Advanced techniques, as 
e.g. the one described in DE 3 8 07 975 Al, use dyes which 
exhibit different properties, such as fluorescence lifetime, 
according to the type of base they are attached to. The, determi- 
nation of a base is much more secure if several properties, such 
as fluorescence lifetime and brightness, or any other specific 
physical property, are determined and cross checked for consis- 
tency. In a preferred embodiment, the sample to be sequenced 
is separated by gel or capillary electrophoresis, or a separa- 
tion step is conducted by capillary electro-chromatography , 
electrohydrodynamic migration or related electrokinetic methods. 

Example 1 . 
The nature and advantages of the invention may be better under- 
stood on the basis of the following example where a mixture of 
rhodamine dyes is analyzed. Figures 1 to 7 illustrate consecu- 
tive steps of the analysis and their results.. 

Figure 1. Distributions of the number of photon counts experi- 
mentally determined at constant light intensities, time interval 
of 10 /is and data collection time of 50 s. From curve fitting, 
the dead time of the detector was estimated to be 28 + 4 ns; 
afterpulsing probability 0.0032 + 0.0008. In the lower graph, 
weighted residuals of the curve fitting are presented. 

Figure 2. Distribution of the number of photon counts experimen- 
tally determined for a solution of rhodamine 6G at time interval 
of 40 jus and data collection time of 50 s. 
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Figure 3 . Normalized sizes of volumes of the twenty spatial 
sections of the measurement volume of the highest brightness. 
Section 0 corresponds to the maximal value of the spatial 
brightness while section 19 corresponds to about 100 times lower 
brightness. Sizes of volumes are determined from experiments 
on single fluorescent species. 

— Figure ^4 : Residuals of curve fitting corresponding to an experi- 
ment on rhodamine 6G solution (the experiment graphed by Figure 
2) . 

Figure 5. Distribution of the number of photon counts experimen- 
tally determined for three samples at time interval of 40 ixs 
and data collection time of 50 s. The distribution corresponding 
to rhodamine 6G is the same as in Figure 2 . 

Figure 6. The results of the inverse transformation with linear, 
regularization applied to the data of Figure 5. 

Figure 7. Residuals corresponding to analysis of an experiment 
on the mixture solution of rhodamine 6G and tetramethyl rhodamine 
(measured data in Figure 5) . Graph a : expected curve was ob- 
tained by inverse transformation with linear regularization. 
Graph b: expected curve was obtained by the least squares 
fitting of. the experimental data. Graph c: residuals of the 
least squares curve fitting under a wrong assumption of single 
species. 

As the first preparatory step of analysis, the dead time and 
the afterpulsing. probability of the photon detector are estima- 
ted. This was done by determining the distribution of the number 
of photon counts under illumination of the detector by light 
of constant intensity. Since the dead time distortions are most 
noticeable at high count rates while the afterpulsing distor- 
tions are better resolved at low count rates, the values. of the 
dead time and the probability of afterpulsing were determined 
by jointly fitting distributions of the number of photon counts 
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determined at a relatively high and at a relatively low illumi- 
nation intensity. The experimentally determined count number 
distributions are presented in Figure 1, together with residuals 
of the curve fitting. Values of the estimated parameters for 
the photon detector which have been used are: dead time 28 ns, 
afterpulsing probability 0.003. 

"The" background count rate of the equipment is determined by 
measuring the count rate when the sample holder is filled with 
pure water. . 

As the second preparatory step/ the spatial brightness distribu- 
tion corresponding to a given optical set-up was characterized. 
For that purpose, the distribution of the number of photon 
counts corresponding to a solution of rhodamine 6G was experi- 
mentally determined (Figure 2) . If the spatial brightness 
distribution is appropriately characterized, then the calculated 
curve fits the experimental curve . In order to numerically 
calculate the expected distribution of the number of photon 
counts, values of twenty one parameters characterizing the 
spatial profile are needed in our program: twenty sizes of 
volumes corresponding to twenty spatial sections of the highest 
values of spatial brightness, and the relative contribution to 
fluorescence light originating from areas of lower spatial 
brightness. In order to calculate values of these unknown 
parameters, a simple model of the optical equipment not account- 
ing for aberrations was taken into use. As illustrated by Figure 
3, the determined sizes of the twenty volumes are reproducible, 
even if other species than rhodamine 6G are used. 

Having determined values of the twenty one parameters characte- 
rizing the spatial brightness distribution in the way just des- 
cribed above, the calculated distribution of the number of pho- 
ton counts indeed fits the experimentally curve, see Figure 4. 

After the preparatory steps described above the equipment is 
ready for analysis. In Figure 5, distributions of the number 
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of photon counts corresponding to' three different samples are 
presented. In Figure 6,. the results of the inverse transforma- 
tion with linear regularization are graphed. Both spectra 
corresponding to single species (rhodamine 6G or tetramethylrho- 
damine) have a single peak, but the peaks are centered at 
different values of specific brightness. The peak of rhodamine 
6G is situated at about 108 kHz/molecule, whereas the peak of 
- tetramethylrhodamine is centered at about 3 7 kHz/molecule . This 
indicates that a rhodamine 6G molecule is about 3 times brighter 
than a tetramethylrhodamine"molecule . The' spectrum corresponding 
to the mixture of the two species has two peaks centered indeed 
near the values obtained. for the two species separately. 

Figure 7 illustrates the residuals, corresponding to the measure- 
ments of the mixture of rhodamine. 6G and tetramethylrhodamine. 
Different methods of data processing yield slightly, different ' 
fit curves (and different "residuals) . The upper. graph corre- 
sponds . to the spectrum of specif ic brightness obtained by 
inverse transformation with linear regularization. The. middle 
graph corresponds to the fit curve obtained assuming two spe- 
cies. These two graphs are nearly identical . The experimentally 
determined distribution of the number of photon ' counts can 
formally be fitted under the. wrong assumption of single species, 
which is shown in the lower graph, but the fit curve is obvious- 
ly apart from the experimental one. 

Example 2 '. • 

To further demonstrate the usefulness of the present, invention, 
a hybridization process was studied using a conventional confo- 
cal FCS microscope. A model system based on the interaction of 
two 32-base oligonucleotides, both labelled with the fluorescent 
dye TAMRA (5- (and 6-) carboxytetramethylrhodamine) , has been 
investigated. The sequence of these oligonucleotides included • 
a site for the. restriction enzyme EcoRl enabling the cleavage 
of the primer dimer. This restriction analysis was used, as a 
control in. order check the specificity of the results obtained 
by the method according' to the present invention. ' 
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The hybridization was performed in a 10 mM Tris buffer < P H 7 4) 
containing l mM EDTA and.100 mM NaCl, the restriction analysis 
in 50 mM Tris-HCl (p H 7.5), 10 mM MgCl 2 , . 100 mM NaCl, 0 2% 
Triton X-100. The measurement time for each analysis was 30 
seconds . 

Figure 8. Number of particles per. volume element as a-f unction 
of their specific brightnesses. 

The analysis of the TAMRA- labelled single-strand oligonucleoti- 
des revealed a single characteristic fluorescence intensity peak 
of 45 kHz for oligonucleotide A (Figure 8a) , and of 20 kHz for 
oligonucleotide B (Figure 8b) -upon excitation at 543 nm. 

The hybridization of the oligonucleotides A and B resulted in 
a single intensity peak of 35 kHz (Figure 8c) indicating, that 
the hybridization was complete. From- the intensity values of 
the individual oligonucleotides,, one. would have expected an 
intensity peak of 65 kHz for this primer dimer. This discrepancy 
m the intensity can. be explained by the occurrence of dye - 
nucleotide interactions and electron transfer- induced quenching. 

Further evidence that the 35 kHz intensity peak represents the 
primer, dimer is given by an cleavage experiment using EcoRi 
(Figure 8d), Restriction cleavage of the ■ annealed primers 
results in an intensity peak of 20 kHz. The broadening of the 
intensity distribution indicates that the reaction was not 
complete. ' 

These. experiments demonstrate that the method according to the 
present invention is well-suited for studying hybridization' 
processes which play an important role for the detection and 
characterization of pathogens. The ability of the method accord- 
ing to the present invention to measure the activity of a 
restriction endonuclease was also demonstrated by this series 
of experiments. 
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Example 3 

Biotin labelled with the following different dyes 



a 
b 
c 
d 
e 
f 

g 



5- (and 6-) carboxy-X-rhodamine (abbr. ROX) 

5- (and 6-) carboxytetramethylrhodamine (abbr. TAMRA) 

Rhodol Green'" 

Rhodamin Green" 

Resoruf ine : "" ". " 

Texas Red"* and 

Rhodamine B 



with and without a spacer molecule (abbr. Sp . ) as well as their 
mixtures with streptavidin have been analyzed according to the 
method of the present invention in order to. monitor quenching 
effects of differently labelled biotin upon streptavidin bin- 
ding. ■ ' . 

Figure 9 shows the specific brightnesses of the different 
molecules. The presence of streptavidin is indicated by 
whereas its absence is indicated by «»-".'' 

Example 4 

The following example proves that the method according . to the 
present invention is valid for the measurement of ligands bound 
to receptor populations on membrane vesicles. 

The use of crude biological material such as biomembranes 
derived from tissue or cells in assays to be analyzed by single 
particle fluorescence detection analysis brings along issues 
dealing with the nature and heterogeneity of this material. When 
membrane preparations are generated from re ceptor- over expressing, 
cells, the most probable situation will be that there are many 
receptor molecules on a single membrane vesicle. For an analysis 
of fluorescent ligand binding to those receptors, the method 
according to the present invention is ideally suited because 
it discriminates between particles which, display different 
fluorescence intensities. Membrane vesicles are slowly moving 
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particles (mean diffusion time r diff > 10 ms) in a low concentra- 
tion. Thus to attain a reasonable signal-to-noise ratio, the 
measurement times for these rare events have to be prolonged 
compared to nanomolar fluorophore solutions. In order to shorten 
measurement time and improve statistical accuracy, the effective 
volume to be analyzed had to be increased substantially without 
loosing the advantage of detecting single molecules. This has 
been "achieved "by "introducing a beam scanning device. Using a 
beam scanner also circumvents bleaching effects since the mean 
excitation time of a single vesicle is minimized by the movement 
of the laser beam. 

The feasibility to quantify a biological interaction by the 
method according to the present invention is demonstrated using 
epidermal growth factor (abbr. EGF) binding to membrane vesicles 
from A431 human carcinoma cells. These cells express 10 s to 10 6 
epidermal growth factor receptors per cell. 

Membrane vesicle preparations 

Membrane preparations were carried out by' cell disruption in 
a hypotonic buffer (20 mM Tris/HCl, pH 7.5, 5 mM MgCl 2 ) contai- 
ning protease inhibitors (leupeptin, aprotinin and PMSF) using 
a glass homogenizer and high-spin centrif ugation after removal 
of nuclei at low g force. 10% sucrose was added during the first 
centrif ugation step. The membranes were homogenized in EGF 
binding buffer (20 mM HEPES pH 7.4, 140 mM NaCl , 5 mM MgCl 2/ 
1.8 mM CaCl, 4.2 mM NaHC0 3 and 5.5 mM glucose) using a Branson 
sonifyer prior to the experiment. Protein content was determined 
with bicinchoninic acid (PIERCE) to 0.504 mg/ml (A431) . 

EGF binding studies 

Binding experiments using EGF labelled with tetramethylrhodamine 
(abbr. TMR) and A431 membranes were performed according to 
Garraway et al . (J. Biol. Chem. 264 : 8699 , 1989) . Briefly, they 
were diluted with EGF binding buffer and were incubated with 
labelled iigand in 20 /il samples for 40 minutes at room tempera- 
ture. In competition experiments, membranes were incubated with 
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unlabelled EGF. Measurements of 3 0 seconds duration were carried 
out using one -dimensional beam scanning at 25 Hz and an ampli- 
tude of 700 fim. 

Figure 10 shows a plot of the amount of ligand- receptor comple- 
xes in relation to the total ligand concentration. . 

Figure 11 shows examples of intensity distributions measured 
at certain concentrations of A431 vesicles. 

The y-axis of the intensity . distributions, in figure 11 is con- 
structed by ■multiplying the particle number obtained for each 
intensity in the grid of intensities by the intensity of that 
grid. point, thus representing the contribution of particles at 
that intensity to the total intensity. It is preferred to choose 
this transformation as it emphasizes on particles with high 
intensity, but low concentration which is the. case for vesicles 
with bound ligand. In terms of particle numbers (concentration) , 
vesicles would only make a negligible contribution. 

Figure 11a shows the intensity distribution of the ligand alone. 
The ligand has an intensity of about 40 kHz/particle. In figures 
11 b-d, intensity distributions with increasing concentrations 
of vesicles are plotted. The increase of fluorescence from 
bright particles, i.e. vesicles with many ligand-receptor 
complexes on them, is clearly visible. 

In order to quantify the degree of binding, one has to distin- 
guish between unbound ligand and ligand-receptor complexes. 
Vesicles with several bound ligands are brighter than the ligand 
alone. Thus, a certain discriminating intensity l d is chosen. 
Particles detected below this intensity are assumed to be ligand 
molecules, while particles detected above this intensity are 
counted as vesicles with receptor- ligand complexes. 

The concentration c L of free ligand is determined by summing up 
over all concentrations belpw the discriminating, intensity: 



WO 98/16814 



PCT/EP97/BS619 



- 27 - 



The concentration c RL ligand-receptor complexes is given by the 
assumption that a vesicle with „ bound ligands has an intensity 
of. -n-t^mes-t-he ligand intensity. Thus, an intensity component 
at an intensity I is from a vesicle with n. = I / I Usrand . ligand- 
receptor complexes, and the concentration of these complexes 
is given by ' . 



/ 



C RL = Z — 



Now, the degree of complex formation is given by 



complex 



This.is plotted i^ figure' 10 for the' binding of labelled EGP 
to A431 vesicles. •■ '. ■ 
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Claims 

1. A method for characterizing samples having units, by 
monitoring fluctuating intensities of radiation emitted, 
scattered and/or reflected by said units in at least one 
measurement volume, the monitoring being performed by at 
least one detection means, said method comprising the steps 
of : 

a) measuring in a repetitive mode a number of photon 
counts per time interval of defined length, 

b) determining a function of the number of photon counts 
per said time interval, 

c) determining a function of specific brightness of said 
units on basis of. said function of the number of 
photon counts. 

2. A method according to claim 1, wherein said function of 
the number of photon counts per said time interval and/or 
said function of specific brightness is a distribution 
function. 

3. The method according to claim 1 and/or 2, wherein said 
units are molecules, macromolecules , dyes, molecular 
aggregates, complexes, vesicles, cells, viruses, bacteria, 
beads, centers, or mixtures thereof in solids, liquids or 
gases. 

4 . The method according to at least one of the claims 1 to 
3, wherein said units can be grouped into species which 
can be distinguished by their specific brightness. 

5.. A method according to at least one of the claims 1 to 4 , 
wherein at least one species is luminescent, preferably 
fluorescent, and/or is luminescently labelled. 
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6. A method according to at least one of the claims 1 to 5 , 
wherein the luminescence properties of the units are varied 
by conjugating them with a first molecule, in particular 
biotin, which binds a luminescently labelled second mole- 
cule, in particular luminescently labelled avidin or 
streptavidin, or vice versa. 

-~ 7; "A ^method" according" to "claim 6 wherein the first molecule 
is a • (6xHis) tag and the second molecule is a luminescently 
labelled Ni-NTA-derivatives . 

8. A method according to at least one of the claims 1 to 7, 
wherein the luminescence properties of a unit are changed 
by energy transfer, in which energy absorbed by said unit 
is transferred upon close contact to a luminophore of an 
acceptor and subsequently emitted, 

9. A method according to at least one of the claims 1 to 8 , 
* 

wherein said units each carry a number of binding sites 
for luminescent units. 

10. A method according to at least one of the claims 1 to 9, 
wherein the measurement volume is only a part of the total 
volume of the sample and has a volume < 10~ 12: 1, preferably 
£.10- 14 1.' 

11. A method according to at least one of the claims 1 to 10, 
wherein said units are diffusing and/or being actively 
transported into and out of said measurement volume and/or 
the sample is actively transported and/or optically 
scanned. 

12. A method according to at least one of the claims 1 to 11, 
wherein . the measurement volumes are arranged ' on a two- 
dimensional carrier, in particular on a membrane or in 
sheets having wells, or in linear way, preferably in a 
capillary system. 
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13 . A method according to at least one of the claims 1 to 12, 
wherein a confocal microscope set-up is used, comprising 
at least one microscope objective, preferably with a 
numerical aperture ^ 0.9, for both focussing an incident 
laser beam and collecting radiation emitted, scattered 
and/or reflected by said units of said sample, a dichroic 
mirror, a pin-hole in the image plane of said microscope 
ob j ec five", ~ a~ "de t ectribn^meahs", '~aT " da t a"~acq"ui s i t ion means , 
and optionally means for scanning and/or actively trans- 
porting said sample. 

14. A method according to at least one of the claims 1 to 13, 
wherein said measurement volume is restricted by the use 
of elements of near field optical microscopy, or their 
combination with conventional microscopy optics. 

15. A method according to at least one 
wherein, fluorescence is induced 
excitation. 

16. A method according to at least one of the claims 1 to 15, 
wherein the parameters of a spatial brightness function 
characteristic for the optical set-up are determined, by 
measuring numbers, of photon counts per defined time inter- 
vals in a repetitive mode from radiation emitted, scattered 
and/ or reflected by a single species. 

17. A method according to at least one of the claims 1 to 16, 
wherein the dimension and two-dimensional shape of the 
pinhole positioned in the focal plane of the microscope 
is used as a modelling parameter of the spatial brightness 
function. 

18. A method according to at least one of the claims 1 to 17, 
wherein the convergence angle of the incident laser beam 
is used as a modelling parameter of the spatial brightness 
function. 



of the claims 1 to 14, 
using multiple photon 
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'1.9. A method according to at least one of the claims 1 to 18, 
wherein the concentration and/or specific brightness of 
at least one species of said units is determined. 

20. A method according to at least one of the claims 1 to 19, 
wherein said distribution of ' the number of photon counts 
is fitted using a priori information on the sample. 

21. A method according to at least one of the claims 1 to 20, 
wherein said distribution of the number of photon counts 
is processed by applying an inverse transformation with 
linear regularizatipn and/or constraints. 

22 . A method according to at least one of the claims 1 to 21, 
wherein the experimental parameters of the detection means, 
in particular dead time and afterpulsing probability of 
the detection means, are determined by measuring number 
of photon counts per defined time interval in a repetitive 
mode while the detection means is exposed to light of 
constant intensity or high frequency laser pulses. 

23. A method according to at least one of the claims' 1 to 22, 
^wherein background count rate of the equipment is deter- 
mined . 

24. A method according to at least one of the claims 1 to 23,- 
wherein the length of-said time interval is in average 
smaller than the characteristic correlation time of radia- 
tion intensity fluctuations. 

25. A method according to at least, one of the claims 1 to 24, 
wherein the length of said time interval is selected to 
yield in average more than one, preferably one to ten, 
photon counts per said unit . 

26. A method according to at least one- of the claims 1 to 25, 
wherein the concentration of the sample or the size of the 
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measuring volume is selected. to have in average no more 
than a few, preferably about one unit per measurement 
volume . " . 

27 .. A method according . to at least one of the claims 1 to 26, 
wherein at least one individual unit .is- statistically 
analyzed in terms of its specific, brightness which may ■ 
fluctuate or change^ "noh-stochasFrcaTly^ - 

28 . A method according to at least one .of the claims l • to 27 
for use. in high throughput screening, diagnostics, monitor- 
ing. of polymerization, aggregation and degradation process- 
, es, or analytics .of nucleic acids. *■ 
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